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Purpose- The purpose of the current research study is to identify the barriers to adoption of 
blockchain technology in green supply chain management and further analyze the cause and 
effect relationship in order to prioritize the barriers for making strategic decisions. 
Methodology- The study examines fifteen potential barriers related to adoption of blockchain 
in green supply chain management which is identified from the literature review and finalized 
after subsequent discussions with industry professionals. Integrated Fuzzy-DEMATEL 
approach is used to analyze cause and effect relationship and prioritize the barriers. Fuzzy set 
theory is used to handle the uncertainty and vagueness associated with the personnel biases and 
data deficiency problems. Three SMEs’ are considered for gathering data and further analyzing 
the crucial barriers that are impeding adoption of blockchain technology in green supply chain 
management.  
Findings- The findings indicates that “Lack of management vision” and “Cultural differences 
among supply chain partners” are the most influencing barriers, whereas; “Collaboration 
challenges” and “Hesitation and workforce obsolescence” are the most influential barriers in 
adoption of blockchain in green supply chain management.  
Managerial implications- Managers need to eliminate the barriers and extend the blockchain 
technology application in green supply chain management. Managers need to frame mission 
and vision of the company after proper alignment of blockchain technology with green supply 
chain management goals. Second, managers need to make strong collaborations and remove 
the hesitation and workforce obsolescence barrier by providing right education and trainings. 
Originality/value- Blockchain technology in green supply chain management is in a nascent 
stage. This study extends the knowledge base by identifying and further prioritizing the leading 
blockchain barriers that needs to be overcome for effectively adopting blockchain in green 
supply chain management.  
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1. Introduction 
Worldwide interest in environmental protection and acquisition of environmentally friendly 
products is gaining popularity (Prakash and Pathak, 2017). At the state level, a number of 
countries, efforts continue to develop the most common legal framework designed to protect 
the environment (Zhang and Wen, 2008). Manufacturers understand how important it is to 
ensure the availability of environmentally friendly products on store shelves. To do this, 
manufacturers begin to use the so-called "green" practices. This concept is based on a 
sustainable approach to the development of society, which is based on several components, the 
idea of implementing the requirements of modern society without compromising the ability of 
future generations (Green et al., 2012). 
When implementing this approach, businesses have much to rebuild an existing in-plant 
system and its functions which are necessary to carry out the so-called "green" logistics re-
engineering, which has a strong impact on the company's supply chains. The reason is that the 
concept of supply chain management (SCM) includes all the functions of the corporation and 
is aimed at optimizing the management of all material flows, funds and information between 
the various departments and agencies that are engaged in the production of goods and services 
and bring them to the end users (Zou et al., 2015). 
Despite the fact that in the past to predict and calculate the total cost of logistics in the supply 
chain have been designed with clear and transparent methodology, managers need to consider 
today are completely different and sometimes unexpected issues in supply chain management. 
One of the most important is the "green factor", which has become very important in recent 
years and forced enterprises to pay more attention to its logistics activities. It is expressed, for 
example, that it became possible to reduce disposal costs by creating programs using reusable 
containers when working with suppliers to implement the so-called the initiative "zero waste", 
which allows companies to save different types of raw materials, fuel and other resources. 
Through programs for renewable energy, companies are able to reduce energy consumption by 
30% quickly (Iqbal et al., 2020). 
The concept of "green supply chain" has evolved from a necessary condition for the 
implementation of the enterprise into a means of creating value. Traditionally, companies have 
implemented "green" projects solely because of cost reductions to ensure compliance 
requirements for maintaining the health of consumers and the environment, as well as to 
minimize the risk of damage to nature (Gupta et al., 2018). In countries with a strong and 
formed a value-added product, the implementation of environmental initiatives in the supply 
chain enables companies to increase productivity, improve relationships with customers and 
suppliers, to support innovation and growth. "Green" supply chains are no longer the only 
environmental issue; they increase the efficiency of business processes and reduce costs (Gupta 
et al., 2018). Supply chains are increasingly becoming a key focus of the restructuring of 
organizations in order to reduce negative impacts on the environment. At the top of the list of 
"green" initiatives in supply chain management- efficiency focuses on green purchasing, green 
logistics systems including selection of raw materials and packaging materials (Micheli et al., 
2020). Sustainability perspective is equally important for re-shoring (Fratocchi and Di Stefano, 
2019) and outsourcing activities  (Nyameboame and Haddud, 2017).  
Every second multiple transactions are happening in green supply chain management 
(GSCM) which can be easily processed and controlled using blockchain technology 
(Kouhizadeh and Sarkis, 2018). Blockchain concept has brought technological advancement 
in the field of logistics and supply chain management (Bai and Sarkis, 2020). This technology 
can enhance transparency which is essential to effectively manage today’s long and complex 
supply chains (Bai and Sarkis, 2020). Blockchain in GSCM can provide competitive advantage 
and lower risks (Zagurskiy and Titova, 2019). Distributed ledger-based blockchain method can 
lower both total supply chain cost and carbon footprint (Manupati et al., 2020). Blockchain 
technology can also help in development of trust, improve security, quick payments and reduce 
total costs in the supply chain (Saberi et al., 2019; Modgil and Sonwaney, 2019). However, 
blockchain application in GSCM is in a nascent stage (Bai and Sarkis, 2020). Industry 
practitioners are not familiar with this application and additionally this is not an easy task (Bai 
and Sarkis, 2020). Blockchain technology is complex and learning to start using blockchain 
technology is difficult for employees. Additionally, blockchain technology is difficult to 
maintain and also tricky to operate (Maroufkhani et al., 2020). Top management support and 
organization readiness are important for blockchain technology adoption (Maroufkhani et al., 
2020).  
Blockchain can help in contract design and execution, supervision; outsourcing and insourcing; 
resource allocation and development; design of communication and transactions which can 
improve GSCM performance. Nonetheless, the barriers of its adoption in GSCM remain 
unclear, hence the objective of this study is to identify the barriers to adoption of blockchain 
technology for application in GSCM and further analyze the cause and effect relationships.  
The research questions which emerge from the preceding discussion are as follows. 
RQ1: What are the leading barriers to adoption of blockchain technology in GSCM?  
RQ2: Can we analyze the cause and effect relationship and further prioritize the barriers? 
Literature review was performed to identify the barriers and they were finalized in consultation 
with industry professionals. Further MCDM based approach “integrated Fuzzy-DEMATEL” 
was applied to analyze cause and effect relationship and prioritize the barriers. The practical 
implications are drawn from the findings of MCDM approach. 
The rest of the sections are organized as follows. Section 2 provides review of literature and 
presents the barriers to adoption of blockchain technology for application in GSCM. Section 3 
provides the MCDM based methodology followed by section 4 covering the data analysis. The 
final section presents the conclusion drawn from analysis and future research agendas. 
 
2. Literature Review 
2.1 GSCM 
Sustainability related concerns have led organizations to focus on adoption of pollution 
prevention technologies and material circularity (Dong et al., 2019; Bag et al., 2020a). 
Monitoring sustainability activities requires tremendous coordination efforts and workload, for 
which companies need to have (a) responsible person(s) and a standardized data exchange 
system to measure their performance with meaningful, understandable, manageable, and 
comparable objectives and indicators for all partners within their supply chain (Morgane and 
Fritz, 2017). 
Nonetheless, strategies adopted to lower risks does not always help but sustainability 
strategies definitely does help to lower risks in supply chain, particularly in emerging market 
contexts (Gouda and Saranga, 2018). 
Sustainable supply chain management (SSCM) can be defined according to Seuring and 
Müller (2007) as: “The management of material, information and capital flows as well as 
cooperation among companies along the supply chain while taking goals from all three 
dimensions of sustainable development, i.e., economic, environmental and social aspects, into 
account which are derived from customer and stakeholder requirements” (Fritz, 2019; Seuring 
and Müller, 2007). 
Global supply chain operations are creating stress on the environment and society. The result 
is a supply chain that is more efficient, more humane, and embeds sustainability in the supply 
chain for the long-term (Bird and Soundararajan, 2019).  
Sustainability and digitalization are key forces of organizational transformation. Developing 
a digital twin platform network will help organizations with enhanced visibility of their supply 
chain and building a sustainable model (Li et al., 2020). 
Recent literature indicates signs of strong association between greenness and supply chain 
which has been extended to logistics activities (Nieuwenhuis et al., 2019). Organizations 
adopted GSCM aiming to reduce negative environmental effects and also increase their shares 
in the market (Moreno-Camacho et al., 2020). GSCM has proved to be immensely helpful in 
development of transport infrastructure and material supply systems which has lowered 
environmental impact significantly (Rossolov et al., 2020). 
Collaboration with supply chain members gives the ability to become more agile. This is 
possible through integration with downstream and upstream members of the supply chain 
(Sriyakul et al., 2019). Innovation and flexibility creates a collaborative environment that 
allows becoming more adaptive and responsive to any external changes (Bag et al., 2018). 
Although transaction cost reduces and supplier responsiveness increases with the minimization 
of complexity, it also possesses the ability to decrease supplier innovation (Thongrawd et al., 
2019). 
Digitalization gives new opportunities for improving circularity and increases use of 
disposed materials (Salminen et al., 2020). Using some digital instruments such as TradeCloud 
IT platform ensures a focal company is connected to its suppliers and customers. Through this 
platform information, goods and money flows in the supply chain are managed (Jansen et al., 
2020). 
Industry 4.0 has brought a digital revolution with the emergence of cyber-physical systems 
(Telukdarie at al., 2018). Data is acting as a resource in the present competitive landscape. The 
technological dimensions such as artificial intelligence and big data can act as a powerful 
enabler in GSCM and furthermore enhance organization performance (Bag et al., 2020b). 
Therefore, digitalization is influencing every business activities and supply chain systems 
(Muñoz-Villamizar et al., 2019). 
Digital platforms are an omnipresent phenomenon that challenges incumbents by changing 
how we consume and provide digital products and services. Whereas traditional firms create 
value within the boundaries of a company or a supply chain, digital platforms utilize an 
ecosystem of autonomous agents to co-create value (Hein et al., 2020). 
Digital technologies are seen as information‐driven means for structuring and regulating the 
supply chain information flows and coupled with supply chain management philosophy can 
tackle the innate complexities of the transport and logistics industry (Papadonikolaki, 2019). 
Thus, there exists a need to develop a framework for sustainable supply chain which includes 
all dimensions with information technology as an enabler (Bag et al., 2018). 
The processes of structural transformation and network convergence of regional information 
spaces are considered. The importance of deploying an integrated digital platform within a 
separate state, and later, given the trend of erasing information borders between countries, and 
international integrated platforms is noted. In this regard, mention is made of the study of the 
Center for Strategic Research “State as a Platform” (Salminen et al., 2020), in which citizens 
and businesses are considered as the main recipients of public services in electronic form, and 
all users operate with common databases with different levels of access. At the same time, 
additional synergistic effect for business is achieved by applying advanced methods of network 
interaction, management of network behavior, as well as “through hypercompetitive creative 
neuromarketing, management, logistics, etc” (Salminen et al., 2020). 
Digital transformation in logistics determines the appearance of its new forms and types, 
such as digital logistics or electronic logistics (e-logistics). These types of logistics use modern 
information technologies and intelligent transportation and storage management systems, 
which can now be considered as a key direction for improving the delivery of goods from the 
shipper to the consignee, subject to all the principles and methods of logistics. 
In (Hein et al., 2020), e-logistics was proved to be a key factor in the growth of a country's 
economy, and the most important indicators determining customer satisfaction with logistics 
services are minimum distribution and transit time, efficient payment methods and the use of 
information technology. 
While  developing integrated digital platforms industry professionals need to understand the 
fact that these platforms provide various forms and types of integration between the subjects 
of transport and logistics systems. The work by Rossolov et al. (2020) is devoted to advantages 
and disadvantages, as well as comparison of horizontal and vertical integration of 
organizations. Vertical integration is considered as integration between the transport 
intermediary and the shipper in order to obtain mutual benefits and reduce overall logistics 
costs, which is sufficient for large companies. Whereas small firms could take advantage of 
horizontal integration, share the “economies of scale”, offer additional services to increase the 
efficiency of individual logistics operations. 
Considering the development of transport and logistics services based on the use of 
integrated digital platforms, it should be noted that these platforms are the informational core 
of logistic systems of the network type and provide interaction between other subsystems at 
various management levels for sustainable development (Fanti et al., 2017). 
In today's economic environment, in order to ensure the flexibility of supply chains, many 
companies transfer part of their business processes to outsourcing, which often leads to loss of 
control and the ability to make the performance of various logistic operations visible. The 
introduction of modern digital technologies through the visibility of supply chains may be a 
solution to this problem, including integrated transport and logistics systems visibility at all 
goods delivery stages from manufacturers to end users (refer to Figure 1). 
2.2 Blockchain technology 
Although blockchain reminds us of cryptocurrency and Bitcoin (Jabbar and Dani, 2020) but 
it has played a significant role in disrupting old business models (Chang et al., 2019). Supply 
chain management has been disrupted with the advent of blockchain technology (Choi et al., 
2019) Blockchain has proven immensely useful in executing smart contracts. It helps in better 
control and information flow and can detect disruptions at an early stage (Dolgui et al., 2019). 
Blockchain consist of e-database which can be circulated to key stakeholders and this 
technology helps to track each transaction that occurs in the network. The security system is 
strong and prevents any kind of security breach. The system also prevents collapse of entire 
system by not involving any single source authorization and also saves data from getting 
corrupted. This kind of system was suggested for wide variety of services and also in resource 
savings and pollution control (Howson, 2020). Four cluster namely technology, trust, trade, 
and traceability/transparency emerged from the review analysis (Pournader et al., 2020). 
Blockchain technology is found to enhance the process efficiency by lowering number of 
activities, minimize lead times of all orders in hand and improves traceability of every order 
(Martinez et al., 2019). The benefits of blockchain in business logistics has also been reflected 
in other studies such as Meng and Qian (2018). Blockchain can be useful in managing 
fluctuating demands and reduce sales loss (Yoon et al., 2020). Blockchain based platform for 
ubiquitous production has been suggested by Vatankhah Barenji et al. (2020) which can lead 
to greenness. Blockchain technology can be extended to the area of product design and 
innovations to prevent any intellectual property issues and safeguarding the rights on a 
blockchain based platform (Rahmanzadeh et al., 2020). Sharing of knowledge and pressure 
from trading partner plays an important role in adoption of blockchain technologies and no 
doubt transparency and visibility significantly improves supply chain management (SCM) 
performance (Wamba et al., 2020). Literature indicates that facilitating condition, technology 
readiness and technology affinity have a significant influence on the intention to apply 
blockchain in SCM (Wong et al., 2020). Thus, traceability and greater degree of visibility are 
drivers of blockchain technology (Wang et al., 2019). However, the barriers to application of 
blockchain technologies in GSCM  are lack of management vision; hesitation and workforce 
obsolescence; privacy concerns; financial constraints; dependence on blockchain operators; 
collaboration challenges; cultural differences among supply chain partners; regulatory 
uncertainty; difficulty in changing organization culture; lack of acceptance in industry; 
paybacks are unclear; market barriers and uncertainty; lack of technological maturity; 
involvement of external stakeholders; lack of awareness about benchmarking  benefits 
(Hackius and Petersen, 2017; Kouhizadeh and Sarkis, 2018; Biswas and Gupta, 2019; Hackius 
et al., 2019; Saberi et al., 2019; van Hoek, 2019). 
The above barriers have been further used as an input in the MCDM analysis which is 
discussed in next section.  
  
3. Research Methodology  
It is evident that optimization and best harmonization amongst available resources adjacent to 
the system can lay its performance characteristics into elevated domain and assist in achieving 
precise resolution and efficiency into it. Accordingly, it is significant for the researchers to best 
seek performance score from the operational system via exploiting complementary and 
supplementary resources, mediums, tools, tactics etc., under existing provisions for altering the 
behaviour of the system rather than developing a new system. The achievement of the same 
relies on identifying the tangible and intangible characteristics of the system, which can be best 
identified in the form of constraints, criterias, variables, factors, parameters, attributes, etc., 
and evidently every system posses numbers of characteristics (criterias) as variable entities and 
thus their optimization and synchronization is crucial and requires ease involving tactics for 
beholding elevated results with existing resources and without using new resources. Under 
foresaid circumstances, the implication of MCDM approach is easy, needed and better to be 
adopted on every managerial and administrative system for garnering performance from 
existing resources based on optimization. MCDM possess calibre to integrate mathematical 
programming models equating system characteristics, evaluating conflicting criteria, analyze 
and allocate the right mix of instruction solutions  to reveal implicitly defined solutions, which 
motivated authors to analyse  the barriers for adopting blockchain in GSCM based on MCDM 
approach. 
3.1 Integrated Fuzzy-DEMATEL approach 
The integrated Fuzzy-DEMATEL approach is applied in present work to reach towards 
decision results. The conceptual principal of fuzzy sets theory and DEMATEL technique is 
amalgamated in this study with the intension to cope up with uncertainty, vagueness and to 
define cause and effect relationship amongst selected barriers. The study enables the 
practitioners to consider main driving barriers that posses influential caliber to influence other 
barriers (driven) of the system and thus creating obstacle in the adoption of blockchain 
technology application in GSCM. The study has considered Trapezoidal fuzzy numbers (TFNs) 
sets to handle the uncertainty and vagueness associated with the personnel biases and data 
deficiency. DEMATEL is used for analyzing causal and effect relationship in order to prioritize 
blockchain barriers. 
A fuzzy number represented in the form of , , , , =  

AA a b c d w is deemed as Trapezoidal fuzzy 
number (Chen and Chen, 2009; Sahu et al., 2016), if Af ( x )  (membership function) is given 
by: 
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Here, ( )LAf x is the left membership function of fuzzy number A  and is increasing continuous 
on [ , ]a b  and ( )RAf x  is the right membership function of the fuzzy number A  and is decreasing 
continuous on [ , ].c d  A trapezoidal fuzzy number is normally represented as 
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Here, 4321 aaaa ≤≤≤  and )1,0(~∈Aw . Trapezoidal fuzzy numbers are powerful mathematical 
tools and can be employed for modeling systems with uncertainty and vagueness (Chen, 1985; 
Chen and Chen, 2009). To cope up the uncertainty in the perceptions of the respondents, 
trapezoidal fuzzy numbers along with centroid method as presented by Allahviranloo and 
Saneifard (2012) is utilized under TFNs (Equations 3-5). 
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Furthermore, DEMATEL is utilized in the present study to understand 
interrelationships amongst barriers in order to recognize the most crucial and least crucial entity 
influencing the system characteristics and getting influenced from the system characteristics. 
DEMATEL stands for Decision-Making Trial and Evaluation Laboratory technique, which can 
structurally, determine the degree of impact and influence amongst decision measures and 
alternatives (Lee et al., 2013; Tzeng et al., 2007). This technique can assist in decoding the 
role of the variables surrounding the decision problem (Wu and Lee, 2007). DEMATEL 
structures Initial Direct Comparison Matrix, Normalized Direct Relation Matrix and Total 
Relation Matrix ( )TRM  for accounting values of Prominence ( )i jD R⊕ and relation ( )i jD R−  
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Here, iD  represents the score of influential impact and jR  represents the score of influenced 
impact. The relative significance of decisive factor in DEMATEL can be determined by 
horizontal axis vector named as "Prominence." and vertical axis vector named as "Relation" 
(Sahu et al., 2018). A decisive factor is a member of the cause group, if ( )i jD R− value is 
positive and belongs to the effect group, when the corresponding values are negative 
(Baykasoglu et al., 2013; Sangaiah et al., 2015; Dalalah et al., 2011). The vector length method 
has been used in the present study to set the importance of decisive barrier under each group 
(Equations 8 & 9). 
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 The authors found that fuzzy theory and DEMATEL technique have been extensively 
exploited, admired and recommended by the class of researchers to be used for acquiring 
precise decision outcomes, where; the calibre of fuzzy theory has been prescribed and 
recommended to fruitfully grip inherent uncertainty and impreciseness under decision situation 
(Chen, 1985; Chen and Chen, 2009; Sahu et al., 2016) and use of DEMATEL technique was 
recommended to identify interdependent relationships between variable characteristics (Lee et 
al., 2013; Wu and Lee, 2007; Tzeng et al., 2007). DEMATEL posses immense calibre to 
effectually recognize the decisive entities through structural modeling rather than requiring 
hierarchy or network relationship. Analytic Hierarchy Process (AHP) stresses on the hierarchy 
structure and Analytic Network Process (ANP) structures network relationship to capture the 
strategic goals with less focus on interdependencies between the factors. DEMATEL focuses 
more on interdependencies to reveal  relationships among factors and finding the critical ones 
through a visual structural model. Accordingly, the study have exploited fuzzy theory and 
MCDM tactics under blockchain adoption domain as the same were recommended by previous 
researchers. This is a practical approach for arriving at decision aspects accurately. 
 
 The following steps were used for applying Fuzzy-DEMATEL approach in the present 
study: 
Step 1: Literature review was conducted, further contacting and performing discussion with 
industrial experts to understand about the GSCM practices of SME manufacturing units. 
Step 2: Barriers were identified considering literature that attempted to link block chain 
technology and GSCM. 
Step 3: Three SMEs’ manufacturing units (ISO 14001 certified)-one of them is heavy 
engineering unit; second one is beverage producing unit and last one is steel factory based in 
India were contacted for gathering data and examining the crucial barriers hindering adoption 
of blockchain in GSCM. 
Step 4: Trapezoidal fuzzy linguistic scale is utilized for data collection and capturing the views 
of respondents. 
Step 5: Initial direct comparison matrix, normalized direct relationship matrix, total 
relationship matrix were formed to define prominence and relation values under DEMATEL 
technique.  
Step 6: Barriers were quantified based on prominence and relation values to evaluate ranking 
and understanding dominating behavior of scrutinized barriers. 
Step 7: Managerial implications are presented to adopt appropriate diagnostic for 
implementing blockchain technology in GSCM. 
 
4. Data Analysis 
4.1 Case dissemination 
The authors found that elevated outcomes from the system can be acheived by strategically 
responding towards dominating measures, barriers etc., under the said system (Sahu et al., 
2017). Analysis and streamlining system barriers under real world scenario is complex and can 
be cracked by examining causal and effect relationships among them. To model the same, the 
present study examined 15 barriers that are hindering blockchain adoption in GSCM. 
Accordingly, three SMEs’ manufacturing units operational in India were selected by the 
authors in the present study.  
4.2 Sampling strategy 
The three manufacturing unit of SMEs’ i.e. heavy engineering unit, beverage producing unit 
and steel factory was considered for data gathering and analyzing the crucial barriers 
obstructing adoption of blockchain for resolving GSCM issues. These companies are dealing 
with international clients and also have supplier network extended in China, Korea and 
Euprope.  
The first unit considered is heavy engineering workshop involved in manufacturing and 
remanufacturing operations, which included services pertaining to hydraulics, mechanical 
works, tank and pressure vessel (autoclave) manufacturing, building engineering structures, 
casing hydro-mechanical equipments and also involved in machining of mining slurry pumps 
via utilizing their sophisticated VMC m/c, CNC lathe, boring machine and tool room 
infrastructure.  
The second unit consisted of beverage producing unit involved in manufacturing of beverages 
under non-alcoholic category. They are producing syrups for soft drinks, fruit juices, producing 
and bottling soft drinks. Implication of blockchain technology in GSCM can be useful in 
beverages units significantly.  
The third unit considered was a steel factory persisting their services in manufacturing steel 
body of motor vehicles and trucks trailers. The said factory executes its operations by sourcing 
raw materials, manufacturing steel structures and building bodies. The factory utilizes a wide 
range of operations i.e.  rolling, cutting, angle bending, piercing, embossing, shearing, riveting 
and produces end products by reshaping steel structures for producing body of the motor 
vehicles and trucks trailers. 
4.3 Data collection  
The data is collected from the three SMEs as discussed in above section, which are situated in 
South eastern part of India. The respondents were contacted and grouped into six clusters to 
gather data about adoption of blockchain technology for GSCM. The selected respondents 
include Vice-president, Director, Plant heads, owners, Finance controllers and Engineers 
involved in strategic planning and operations (Table 1). They have work experience of more 
than 10 years. Trapezoidal fuzzy linguistic scale was utilized for data collection and collating 
the views of respondents. 
Table 1. Respondents profile under defined SMEs 
SMEs Respondents  Number of 
respondents 
Percentage Cluster  
Heavy Engineering  
Workshop 
Owner 01 0.04 01 Financial Controller 02 0.07 
Engineer 06 0.21 02 
Beverage Plant 
Vice President 01 0.04 03 Planning Director 02 0.07 
Procurement Manager 05 0.18 04 
Steel Factory 
Director 01 0.04 05 Plant Head 02 0.07 
Engineer 08 0.29 06 
 
4.4. Selection of Barriers 
Literature survey is conducted, contacts and discussion with industrial experts was performed 
to understand the GSCM mechanism of SMEs and further labeling of the barriers. The same 
were listed in Table 2. Barriers were identified and analyzed by DEMATEL technique to reveal 
their strength and understand the interrelationship amongst them to thereby recognize the most 
crucial and least crucial entity influencing the system and getting influenced from the system.  
4.5 Implication of Fuzzy-DEMATEL approach 
For confining the subjective views of the respondents, a nine point generalized trapezoidal 
fuzzy scale was used and the linguistic initial direct relation matrix for aggregation was formed. 
Generalized trapezoidal fuzzy scale as shown in Table 3 was utilized and linguistic initial direct 
relation matrix was formed (Table 4). The same were aggregated and transformed into crisp by 
utilizing the centroid method as presented by Allahviranloo and Saneifard (2012). The related 
significant entries for the same were tabulated in Tables 5 and 6. Afterwards, Initial Direct 
Relationship Matrix, Normalized Direct Relationship Matrix, Total Relationship Matrix were 
formed to define prominence and relation values under DEMATEL technique. The same were 
shown in Tables 7 to 9. Next, casual relation diagram is plotted and barriers were evaluated to 
evaluate ranking and understanding their dominating behavior. The study determined most 
decisive blockchain barriers via cause and effect relationship to spot the weak and strong 
barriers to be strategically handled for successful adoption of blockchain technology in GSCM. 
The present study analyzed initiatives towards implicating digital platforms in handling GSCM 
issues. To address our research objectives, barriers were quantified and evaluated to 
strategically assist in decoding system integrators for sustainable development by managing 
consumption of resources effectually and optimistically.   
4.6 Analysis 
The causal diagram results in categorizing the barriers into two cause and effect groups (Table 
10). The casual relation diagram was plotted by underlying prominence and relation values to 
evaluate ranking and understanding dominating behavior of the entities. The plotted causal 
diagram is shown in Figure 2. The same was studied, groups are categorized and findings are 
represented as follows: 
4.6.1 Cause group  
The entries to cause group were performed based on the relation values of barriers. Barriers 
gaining positive relation values fall under the cause group. From Figure 2, it is ascertained that 
Lack of management vision (BR1), Privacy concerns (BR3), Financial constraints (BR4), 
Cultural difference among supply chain partners (BR7), Regulatory uncertainty (BR8), Lack 
of acceptance in industry (BR10), Lack of technological maturity (BR13), lack of awareness 
about benchmarking and benefits (BR15) falls under cause group and are categorized as 
barriers that possess immense caliber and strength to influence others more than they get 
influenced by others. The catagories were tabulated in Table 11 and the ranking was determined 
based on the aggregated vector length from origins (Figure 3). Equation 9 was utilized to 
converse both prominence and relation values pertaining to the barriers in weight vectors 
through the vector length method.  
It is observed from Figure 2 that Lack of management vision (BR1) induced the highest 
causal ranking behavior, which is followed by Cultural difference among supply chain partners 
(BR7) as the second and Lack of awareness about benchmarking and benefits (BR15) as the 
third highest causal ranking behavior offered by the barriers and possess caliber to influence 
others more than getting influenced by other. Additionally, Regulatory uncertainty (BR8), 
Financial constraints (BR4), Lack of technological maturity (BR13), Privacy concerns (BR3), 
Lack of acceptance in Industry (BR10) are also found categorized under the same cause 
behavior group influencing the barriers of the effect group. 
4.6.2 Effect group 
The eminent entries of effect group were performed based on the negative relation values. 
Barriers rationalizing negative entries in relation values fall under the effect group. From 
Figure 2, it was ascertained that Hesitation and workforce obsolescence (BR2), Dependence on 
blockchain operators (BR5), Collaboration challenges (BR6), Difficulty in changing 
organization culture (BR9), Payback are unclear (BR11), Market barriers and uncertainty 
(BR12), Involvement of external stakeholders (BR14) falls under effect group and were 
catagorzed as barriers that possess caliber of getting influenced by other rather than influencing 
directly. The categorization demonstrated Collaboration challenges (BR6) as the highest effect 
ranking behavior, which was followed by Hesitation and workforce obsolescence (BR2) as the 
second and Dependence on blockchain operators (BR5) as the third highest effect ranking 
behavior assuming by the barriers and possess behavior of getting influenced by other barriers. 
Additionally, Payback are unclear (BR11), Involvement of external stakeholders (BR14), 
Market barriers and uncertainty (BR12), Difficulty in changing organization culture (BR9) are 
also rationalized under the same effect group demonstrating their influenced behavior rather 
than influencing others.   
4.6.3 Clarity and disclosures  
It was found that “Lack of management vision” and “Cultural difference among supply chain 
partners” are the most critical blockchain adoption barriers and are the chief driving barriers 
that posses influential caliber to influence other barriers of the system creating obstacle in the 
adoption of blockchain technology. The same are needed to be strategized on priority for the 
successful adoption of blockchain in GSCM in SMEs’ operational under Indian economy. 
Additionally, it is disclosed that “Collaboration challenges” and “Hesitation and workforce 
obsolescence” are the chief barriers getting influenced by the barriers of cause groups. 
According, it is to be highlighted that, strategizing barriers under cause group will 
simultaneously influence barriers under effect group and thus it is needed to evade barriers 
under cause group to grace influential response from effect group  
 
5. Discussion 
In recent years, one of the main trends of manufacturing activity is the aim for achieving  
sustainable development goals (Bag and Gupta, 2019; Singh et al., 2019; Singh and Modgil, 
2020). Considering the development of green transport and logistics services based on the use 
of integrated digital platforms, it should be noted that these platforms are the informational 
core of logistic systems of the network type and provide interaction between other subsystems 
at various management levels for sustainable development. 
5.1 Practical implications 
In today's economic environment, in order to ensure the flexibility of supply chains, many 
companies transfer part of their business processes to outsourcing, which often leads to loss of 
control and the ability to make the performance of various logistic operations visible. The 
introduction of modern digital technologies ensuring the visibility of supply chains may be a 
solution to this problem, including integrated transport and logistics systems visibility at all 
goods delivery stages from manufacturers to end users. 
However, despite the fact that global commodity distribution networks are being formed and 
developed based on the active use of logistics methods and principles in building transportation 
systems and developing cargo delivery technologies, the widespread use of various logistic 
solutions is hampered by the insufficient level of transport logistics digitalization, which affects 
the target indicators of transportation processes and the overall economic efficiency of product 
distribution. One of the necessary conditions for the functioning of modern transport and 
logistics systems is the widespread use of modern digital technologies and blockchain systems, 
through which it is possible to manage orders, plan, organize, monitor and control the entire 
transactions.  
In addition, in logistics practice, enterprises need to make extensive use of various electronic 
data interchange systems in order to increase their competitiveness in the market of freight 
forwarding services. In particular, intermodal transport and logistics systems achieve high 
performance by introducing new forms of information and communication interaction between 
the various links of the transport and logistics chain. And one of the key criteria for the 
effectiveness of such systems is the level of their business processes digitalization. 
The development trends of digital technologies, of course, have a significant positive impact 
on the construction of integrated logistics systems, the configuration of distribution channels, 
distribution networks and warehousing services and finally reduce ngative impact on 
environment and society. New digital information technologies are forcing more and more 
companies to use these technologies as factors to increase efficiency and reduce production 
and maintenance costs. The demand for the introduction of new methods and technologies 
increases as innovation attracts new customers. This gives enterprises an additional competitive 
advantage. 
Logistics providers act as organizers of interactions between all links of the transport chain in 
the process of transport and logistics services and determine not only the commercial-legal, 
organizational-technological and financial-economic regime, but also an electronic platform 
for interaction between the subjects of the specified system. 
As part of the digitalization of sustainable development logistics, enterprises have to 
significantly rebuild the existing internal production system and their functions. It is necessary 
to carry out the so-called “green” logistic reengineering, which has a great impact on the 
company's supply chain. The reason is that the SCM concept includes all the functions of the 
corporation and is aimed at optimizing the management of all flows of materials, financial 
resources and information between various departments and departments that are involved in 
the production of goods and services and bringing them to end consumers. 
However, despite the great potential for success, most of the leaders in the field of supply chain 
management are still not paying attention to the use of environmental technologies in their 
operations. Typical of any supply chain are the following processes and functions that support 
the complete cycle of material flows, each of which has a profound impact on the environment. 
Purchasing and inbound logistics: Procurement function includes the purchase of materials 
from suppliers to meet the company's needs for material resources in the production of products 
or services (Ambekar et al., 2019). Such elements of the procurement system, as vendor 
selection, material selection, outsourcing, etc. can have a profound impact on the environment 
(Jørsfeldt  et al., 2016; Hudnurkar and Rathod, 2017). For example, the purchase of recycled 
materials from a source located at a great distance from its processing and use, working with 
suppliers or warehouses of hazardous materials. This becomes particularly important when a 
company is going to use the delivery system for Just-In-Time (JIT), in order to reduce storage 
costs, reduce fuel consumption, downtime in traffic jams on the roads. Among others in the 
development of supply, the technique of selecting a transport operator, that is, the provider of 
transportation services. Transportation is a key logistics processes for all industries. For 
example, large companies prefer to have long-established links with bona fide carriers as a 
reliable partner for transport of chemicals, because due to any error when transporting 
dangerous goods will inevitably lead to significant damage to the environment. 
Manufacturing: In this area address issues such as product development, staff development, 
quality control, etc. Most often, companies are faced with the problem of corporate 
responsibility and risk for solving technically and technologically complex production issues 
that may affect the environmental safety. Such quality control, which is already included in the 
work of almost all businesses, can reduce the negative effects on the environment. These issues 
are of critical importance because of the need for participation of all employees in the fight 
against environmental pollution in the industrial sector. Issues such as the removal, recovery 
and recycling of materials are also important in manufacturing and sustainability. 
The distribution and outbound logistics: While purchasing and supply logistics focus on 
supplier management and organization relationships in the supply chain, distribution and 
logistics functions are designed to address the interaction with customers in the system. Clients' 
interests, related to the acquisition of environmentally friendly products impose additional 
requirements for the operation of companies that are going to be "green." There is no difference 
where to begin enterprises: economic benefits in the development of "green" supply chains, or 
to think about the environment are interrelated and interdependent processes. 
Return (reverse) logistics: The return logistics includes the return of materials, components and 
products back to the top of the supply chain. Reverse logistics operations consist of the 
following basic steps: collection, separation, compaction, demolition, intermediate processing, 
delivery and storage of material resources. The features of this process depend on the type of 
materials and components, which form a reverse flow in the reverse logistics. For example, 
disassembly will be needed in the organization of the return of copiers, while plastic bottles 
require pressing. The return logistics has a significant impact on the environment.  
One way or another each corporation as a whole has an effect on the environment, which is 
expressed in some form of implicit costs, which are called "environmental costs".  
In particular, the direct costs (raw materials, wages) directly attributable to the conformity of a 
product or service; indirect costs (costs of maintenance, and social security contributions) are 
accumulated in the accounts of the overhead which are then passed to the whole lot of 
manufactured goods and services. However, costs such as waste disposal, training areas return 
logistics, obtaining environmental permits, payment of due fees and other environmental costs 
are still nowhere to be taken into account. 
For example, if the start of new production requires the use of hazardous materials, the cost of 
which the company has the potential to incur in order to eliminate the spill of hazardous 
materials in an emergency, can be classified as "unexpected" expenses. However, any oil spill 
in the future may also lead to cost "for the restoration of credibility in the scoiety", as well as 
"external" costs, to restore nearby aquatic ecosystems from damages. 
"Green" movement - is not only thinking, but implementation and enhance company imagein 
the market. Focus is required on the design and construction of environmentally friendly supply 
chain.  
Elimination of blockchain barriers can prove immensely beneficial for GSCM practices. This 
technology can capture and record all the transactions happening in the complex GSCM. A 
practical case study underlying integrated Fuzzy- DEMATEL approach is presented to grasp 
few facts dealing with the employment of blockchain technologies in GSCM. Barriers were 
identified and analyzed to understand the interrelationships amongst them. Barriers were 
isolated into cause and effect groups to expose the most potential barriers that possess 
influencing characteristics and to recognize the least crucial barriers that are getting influenced. 
Isolated barriers under groups were precisely investigated and it was observed that “Lack of 
management vision” and “Cultural difference among supply chain partners” were the most 
influencing barriers, whereas “Collaboration challenges” and “Hesitation and workforce 
obsolescence” were found to be the most influenced barriers that needs to be removed for 
successfully implementing blockchain technology in GSCM practices. In such process we have 
addressed both research questions. First, we have identified the leading barriers to adoption of 
blockchain technology in GSCM and second, we analyzed the cause and effect relationships 
and further prioritized the barriers. 
Blockchain technology and Green supply chain comes from two different domains and 
literature linking both of them are limited. The only literature available in this area that links 
both concepts are (eg., Imbault et al., 2017; Kouhizadeh and Sarkis, 2018; Saberi et al. 2019; 
Rane and Thakker, 2019). A recent work done by  Kouhizadeh et al. (2021) applied the 
technology-organization-environment framework and force field theories to investigate 
blockchain adoption barriers. They further argued that supply chain and technological barriers 
are the most critical barriers among both academics and industry experts. However, our 
findings contrast to the study of Kouhizadeh et al. (2021) and we argue that organizational 
barriers are the leading barriers to blockchain adoption in GSCM initiatives. Our study extends 
the knowledge base in this area by highlighting the importance of management vision to drive 
adoption of blockchain technology in GSCM and second, acclimatising in the business 
environment are important as there are lot of cultural differences among supply chain partners 
in any international business network.   
 
6. Conclusion and future research directions 
The study modeled a GSCM digital platform by unlocking 15 barriers to blockchain adoption 
in Indian SMEs’. The presented findings provide significant insights for managing business 
activities linking transport and logistics services based on integrated digital platforms through 
decoding of the hindered barriers.  The results are useful for the firms to identify the weakness 
and strengths. Additionally, the results may assist firms in reducing costs by focusing on core 
competencies and lowering the risk of selecting an inappropriate barrier. BR6 was found as the 
most influenced barrier among all, which reciprocates towards collaboration challenges and 
defines that collaboration and alliance of blockchain technology within the organization can be 
resolved voluntarily by strategically evading towards chief driving barrier BR1 (Lack of 
management vision), as it is well evident that once the management clearly presents its vision 
towards implemeting blockchain technology, the same in turn removes the collaboration 
constraints and ultimately reduces the fear of collaboration and related challenges.  
The presented work analyzed initiatives towards the implication of digital platform in handling 
GSCM issues. To well laid the blockchain based digital platform; barriers were quantified and 
evaluated to strategically assist in decoding system integrators for sustainable development by 
managing consumption of resources effectually and optimistically. Findings of the present 
study will be beneficial for managers to eradicate major barriers for proficiently implementing 
blockchain technology in their organizations.  
The study suffers from few limitations such as small sample size. The study is tested using data 
from three SMEs’ in emerging economy of India. GSCM consists of complex activities and 
blockchain adoption can no doubt enhance the performance of GSCM. However, companies 
face various challenges while adoption blockchain technology for managing green supply 
chains. The adoption of blockchain technology in GSCM is at a nascent stage and more 
research studies are necessary to extend the knowledge base. Admittedly, we have only 
scratched the surface of the barriers of blockchain technology in GSCM. However, future 
research need to examine the technological, organizational and environmental factors that 
influence the extent of blockchain adoption in GSCM and influence of blockchain adoption on 
the financial performance and market performance of the company. 
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Figure 1. Digitalization model of integrated GSCM systems 
 
  
Through material (cargo) flow 
Shipper Consignee 
Client requirements for GSCM:  
Safe material use, low emission, Agility, Quality, 
Environmental thinking 
GSCM including transport and logistics services 
Technological Consulting Commercial Service Information 
Federal Government, Ministries and Departments, regional ministries, departments, committees, administrations, municipal 
administration, departments of the consumer market, transport and communications, foreign economic activity, industry-
forming enterprises and natural monopolies, management of railway departments, administration of river and sea ports, 
regional customs management 
Traditional Supply Chain Entities: 
- trucking enterprises; 
- railway transport operators; 
- shipping companies and sea lines; 
- airlines; 
- pipeline transport operators; 
- terminal and warehouse operators; 
- logistics providers; 
- forwarding companies; 
- transport agents; 
- stevedores; 
- expert organizations (surveyor and 
tallyman companies, emergency 
commissioners, appraisers) 
   New members: 
- operators of digital logistics 
services; 
- online freight exchanges; 
- electronic payment and document 
management systems; 
- Intelligent systems for calculating 
optimal routes; 
- blockchain platform for GSCM; 
- An online service for renting 
vehicles, equipment and 
machinery; 
- information and reference 
Internet portals 
Regulation, supervisory functions 
- Ecosystems of information technology market 
participants, the purpose of which is to accelerate 
their entry into the market and provide automation 
solutions to consumers in economic sectors 
- Infrastructure projects and systems: 
- сustomers (government agencies); 
- executors: information providers, platform 
operator, platform developer, developers; 








































Figure 2. Casual relation diagram categorizing barriers into two cause and effect groups 
 
Figure 3. Demonstrating vector length to determine related weight vectors of barriers 
Table 2. Tabulation of barriers to adoption of blockchain technology in GSCM for further evaluation and appraisement 
 
Sl 
No. Barriers  Code Sources 
1 Lack of Management Vision BR1 Saberi et al. (2019) 
2 Hesitation and Workforce Obsolescence BR2 Saberi et al. (2019) 
3 Privacy Concerns BR3 Chang et al. (2020) 
4 Financial Constraints BR4 Saberi et al. (2019) 
5 Dependence on Blockchain Operators BR5 Hackius and Petersen (2017) 
6 Collaboration Challenges BR6 Saberi et al. (2019) 
7 Cultural Difference by Supply Chain Partners BR7 Saberi et al. (2019) 
8 Regulatory Uncertainty BR8 Saberi et al. (2019) 
9 Difficulty in Changing Organization Culture BR9 Saberi et al. (2019) 
10 Lack of Acceptance in Industry BR10 Hackius and Petersen (2017) 
11 Paybacks are Unclear BR11 van Hoek (2019) 
12 Market Barriers & Uncertainty BR12 Kouhizadeh and Sarkis (2018); Saberi et al. (2019);  
13 Lack of Technological Maturity BR13 Kurpjuweit et al. (2019) 
14 Involvement of External Stakeholders BR14 Saberi et al. (2019) 
15 Lack of Awareness about Benchmarking  Benefits BR15 











Table 3. The adopted linguistic scale for assigning fuzzy score  
 
Linguistic terms  
(Weight) 
Generalized trapezoidal 
 fuzzy numbers 
Absolutely Low (AL) (0, 0, 0, 0; 1.00) 
Very Low (VL) (0, 0, 0.02, 0.07; 1.00) 
Low (L) (0.04, 0.1, 0.18, 0.23; 1.00) 
Medium Low (ML) (0.17, 0.22, 0.36, 0.42; 1.00) 
Medium (M) (0.32, 0.41, 0.58, 0.65; 1.00) 
Medium High (MH) (0.58, 0.63, 0.80, 0.86; 1.00) 
High (H) (0.72, 0.78, 0.92, 0.97; 1.00) 
Very High (VH) (0.93, 0.98, 1.00, 1.00; 1.00) 




















Table 4. The linguistic initial direct relation matrix for aggregation 
 
Barriers BR1 BR2 BR31 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 






















































































































































































































































































































































































































































































































































































































































































Table 5. Tabulation of centroids points linking x origin of trapezoidal fuzzy numbers (TFNs) 
 
Barriers 
Centroid point; 0( )x Ω  linking TFN against barrier  
BR1 BR2 BR31 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 
0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  0( )x Ω  
BR1 - 0.483 0.612 0.511 0.752 0.718 0.483 0.954 0.376 0.695 0.641 0.212 0.699 0.748 0.284 
BR2 0.545 - 0.232 0.658 0.576 0.868 0.620 0.581 0.566 0.376 0.829 0.575 0.407 0.171 0.664 
BR3 0.553 0.576 - 0.281 0.762 0.342 0.602 0.535 0.668 0.579 0.723 0.471 0.694 0.446 0.350 
BR4 0.473 0.488 0.565 - 0.634 0.549 0.547 0.775 0.502 0.754 0.594 0.550 0.283 0.594 0.692 
BR5 0.542 0.451 0.423 0.161 - 0.650 0.438 0.380 0.645 0.239 0.569 0.384 0.658 0.417 0.741 
BR6 0.665 0.593 0.642 0.624 0.508 - 0.681 0.442 0.685 0.568 0.476 0.592 0.467 0.555 0.430 
BR7 0.680 0.496 0.496 0.746 0.877 0.654 - 0.261 0.612 0.689 0.427 0.453 0.612 0.454 0.673 
BR8 0.472 0.809 0.548 0.636 0.643 0.472 0.868 - 0.374 0.454 0.505 0.380 0.386 0.622 0.667 
BR9 0.454 0.261 0.639 0.727 0.290 0.378 0.581 0.179 - 0.236 0.496 0.685 0.247 0.571 0.688 
BR10 0.627 0.526 0.448 0.473 0.397 0.590 0.539 0.617 0.486 - 0.098 0.519 0.771 0.866 0.703 
BR11 0.513 0.624 0.746 0.418 0.591 0.492 0.161 0.962 0.391 0.281 - 0.712 0.261 0.572 0.375 
BR12 0.465 0.495 0.255 0.488 0.646 0.434 0.465 0.081 0.577 0.535 0.004 - 0.662 0.550 0.564 
BR13 0.445 0.554 0.616 0.642 0.592 0.711 0.885 0.516 0.356 0.576 0.522 0.199 - 0.223 0.726 
BR14 0.411 0.806 0.448 0.188 0.778 0.537 0.219 0.639 0.391 0.414 0.898 0.331 0.248 - 0.167 







Table 6. Tabulation of centroids points linking y origin of trapezoidal fuzzy numbers (TFNs) 
 
Barriers 
Centroids point; 0( )y Ω linking TFN against barrier  
BR1 BR2 BR31 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 
0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  0( )y Ω  
BR1 - 0.446 0.442 0.439 0.441 0.459 0.449 0.429 0.443 0.448 0.453 0.448 0.431 0.439 0.450 
BR2 0.434 - 0.431 0.407 0.443 0.449 0.443 0.452 0.448 0.439 0.407 0.449 0.436 0.407 0.444 
BR3 0.444 0.445 - 0.432 0.456 0.407 0.443 0.447 0.450 0.447 0.449 0.444 0.449 0.442 0.444 
BR4 0.447 0.450 0.448 - 0.446 0.453 0.447 0.447 0.442 0.449 0.456 0.455 0.444 0.441 0.459 
BR5 0.445 0.447 0.430 0.429 - 0.447 0.431 0.443 0.456 0.437 0.455 0.455 0.407 0.429 0.444 
BR6 0.444 0.450 0.441 0.450 0.449 - 0.422 0.438 0.426 0.434 0.449 0.454 0.446 0.450 0.454 
BR7 0.457 0.447 0.444 0.445 0.455 0.451 - 0.456 0.449 0.443 0.456 0.459 0.448 0.453 0.418 
BR8 0.438 0.449 0.450 0.450 0.455 0.452 0.453 - 0.438 0.439 0.436 0.451 0.434 0.442 0.458 
BR9 0.442 0.456 0.442 0.446 0.451 0.450 0.453 0.450 - 0.439 0.407 0.426 0.451 0.444 0.453 
BR10 0.448 0.454 0.452 0.451 0.444 0.453 0.437 0.455 0.450 - 0.430 0.444 0.446 0.431 0.434 
BR11 0.447 0.444 0.450 0.443 0.447 0.443 0.440 0.434 0.449 0.450 - 0.432 0.449 0.436 0.429 
BR12 0.453 0.444 0.441 0.450 0.444 0.452 0.437 0.426 0.449 0.443 0.407 - 0.407 0.455 0.447 
BR13 0.448 0.451 0.447 0.446 0.450 0.453 0.446 0.445 0.432 0.455 0.456 0.450 - 0.439 0.434 
BR14 0.445 0.453 0.448 0.442 0.444 0.444 0.444 0.448 0.446 0.443 0.451 0.452 0.451 - 0.407 













Table 7. Aggregated initial direct relationship crisp matrix against barriers 
 
Barriers BR1 BR2 BR31 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 
BR1 0.000 0.657 0.755 0.674 0.872 0.852 0.659 1.046 0.581 0.827 0.785 0.496 0.821 0.867 0.532 
BR2 0.697 0.000 0.489 0.774 0.727 0.978 0.762 0.736 0.721 0.578 0.924 0.730 0.596 0.442 0.799 
BR3 0.709 0.728 0.000 0.515 0.889 0.532 0.747 0.698 0.806 0.732 0.851 0.647 0.826 0.628 0.565 
BR4 0.651 0.664 0.721 0.000 0.775 0.712 0.706 0.895 0.668 0.878 0.749 0.714 0.527 0.740 0.831 
BR5 0.702 0.635 0.603 0.458 0.000 0.789 0.614 0.583 0.789 0.498 0.728 0.595 0.774 0.598 0.864 
BR6 0.800 0.744 0.779 0.769 0.678 0.000 0.802 0.622 0.807 0.714 0.654 0.746 0.646 0.715 0.626 
BR7 0.819 0.668 0.666 0.868 0.987 0.794 0.000 0.526 0.759 0.819 0.625 0.645 0.759 0.641 0.792 
BR8 0.644 0.925 0.709 0.779 0.788 0.654 0.979 0.000 0.576 0.632 0.668 0.590 0.581 0.764 0.809 
BR9 0.634 0.526 0.776 0.852 0.536 0.587 0.737 0.485 0.000 0.498 0.642 0.807 0.514 0.724 0.824 
BR10 0.770 0.694 0.636 0.654 0.596 0.744 0.694 0.767 0.663 0.000 0.441 0.683 0.890 0.967 0.827 
BR11 0.680 0.766 0.871 0.609 0.741 0.663 0.469 1.056 0.595 0.530 0.000 0.833 0.520 0.719 0.569 
BR12 0.649 0.665 0.509 0.664 0.784 0.627 0.637 0.433 0.731 0.694 0.407 0.000 0.778 0.714 0.720 
BR13 0.632 0.715 0.761 0.781 0.744 0.843 0.991 0.681 0.560 0.734 0.693 0.492 0.000 0.492 0.846 
BR14 0.606 0.924 0.634 0.480 0.896 0.697 0.496 0.780 0.593 0.606 1.005 0.560 0.515 0.000 0.440 















Table 8. Normalized direct relationship matrix against barriers 
 
Barriers BR1 BR2 BR31 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 
BR1 0.000 0.062 0.071 0.064 0.082 0.081 0.062 0.099 0.055 0.078 0.074 0.047 0.078 0.082 0.050 
BR2 0.066 0.000 0.046 0.073 0.069 0.092 0.072 0.070 0.068 0.055 0.087 0.069 0.056 0.042 0.076 
BR3 0.067 0.069 0.000 0.049 0.084 0.050 0.071 0.066 0.076 0.069 0.080 0.061 0.078 0.059 0.053 
BR4 0.062 0.063 0.068 0.000 0.073 0.067 0.067 0.085 0.063 0.083 0.071 0.068 0.050 0.070 0.079 
BR5 0.066 0.060 0.057 0.043 0.000 0.075 0.058 0.055 0.075 0.047 0.069 0.056 0.073 0.056 0.082 
BR6 0.076 0.070 0.074 0.073 0.064 0.000 0.076 0.059 0.076 0.068 0.062 0.071 0.061 0.068 0.059 
BR7 0.077 0.063 0.063 0.082 0.093 0.075 0.000 0.050 0.072 0.077 0.059 0.061 0.072 0.061 0.075 
BR8 0.061 0.087 0.067 0.074 0.074 0.062 0.093 0.000 0.054 0.060 0.063 0.056 0.055 0.072 0.076 
BR9 0.060 0.050 0.073 0.081 0.051 0.056 0.070 0.046 0.000 0.047 0.061 0.076 0.049 0.068 0.078 
BR10 0.073 0.066 0.060 0.062 0.056 0.070 0.066 0.072 0.063 0.000 0.042 0.065 0.084 0.091 0.078 
BR11 0.064 0.072 0.082 0.058 0.070 0.063 0.044 0.100 0.056 0.050 0.000 0.079 0.049 0.068 0.054 
BR12 0.061 0.063 0.048 0.063 0.074 0.059 0.060 0.041 0.069 0.066 0.039 0.000 0.074 0.068 0.068 
BR13 0.060 0.068 0.072 0.074 0.070 0.080 0.094 0.064 0.053 0.069 0.065 0.047 0.000 0.047 0.080 
BR14 0.057 0.087 0.060 0.045 0.085 0.066 0.047 0.074 0.056 0.057 0.095 0.053 0.049 0.000 0.042 















Table 9. Total relation matrix 
  
Barriers BR1 BR2 BR31 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 
BR1 0.858 0.937 0.921 0.899 0.999 0.970 0.923 0.948 0.895 0.896 0.950 0.850 0.914 0.940 0.926 
BR2 0.884 0.841 0.864 0.874 0.947 0.943 0.894 0.885 0.872 0.841 0.924 0.836 0.860 0.869 0.911 
BR3 0.875 0.896 0.809 0.842 0.951 0.897 0.884 0.873 0.870 0.844 0.909 0.820 0.871 0.874 0.883 
BR4 0.900 0.921 0.902 0.824 0.973 0.942 0.909 0.918 0.888 0.885 0.930 0.853 0.875 0.914 0.934 
BR5 0.827 0.838 0.816 0.790 0.821 0.867 0.824 0.814 0.821 0.778 0.849 0.770 0.819 0.823 0.857 
BR6 0.902 0.917 0.897 0.883 0.955 0.868 0.908 0.886 0.889 0.862 0.912 0.847 0.875 0.902 0.907 
BR7 0.925 0.932 0.909 0.911 1.002 0.961 0.858 0.899 0.906 0.891 0.932 0.858 0.905 0.917 0.943 
BR8 0.891 0.934 0.892 0.885 0.965 0.929 0.923 0.831 0.872 0.856 0.916 0.835 0.871 0.906 0.924 
BR9 0.814 0.822 0.822 0.816 0.862 0.842 0.826 0.799 0.745 0.772 0.835 0.781 0.790 0.827 0.846 
BR10 0.895 0.908 0.880 0.868 0.942 0.929 0.894 0.892 0.872 0.794 0.890 0.836 0.890 0.918 0.918 
BR11 0.853 0.880 0.866 0.830 0.918 0.886 0.841 0.883 0.833 0.809 0.815 0.817 0.826 0.862 0.862 
BR12 0.805 0.823 0.790 0.790 0.871 0.836 0.808 0.784 0.799 0.778 0.804 0.700 0.802 0.815 0.828 
BR13 0.883 0.908 0.890 0.878 0.953 0.936 0.917 0.884 0.863 0.858 0.909 0.819 0.812 0.877 0.919 
BR14 0.816 0.861 0.816 0.789 0.898 0.858 0.812 0.831 0.803 0.785 0.871 0.766 0.795 0.767 0.820 
















Table 10. Determined values of prominence and relation against barriers  
 
Barriers iD  jR  ( )i jD R⊕  ( )i jD R−  Frequency group 
BR1 13.827 13.031 26.858 0.797 Cause  
BR2 13.243 13.332 26.576 -0.089 Effect  
BR3 13.098 12.978 26.076 0.120 Cause 
BR4 13.569 12.758 26.327 0.810 Cause 
BR5 12.316 14.001 26.317 -1.686 Effect 
BR6 13.410 13.602 27.011 -0.192 Effect 
BR7 13.749 13.110 26.859 0.639 Cause 
BR8 13.431 13.002 26.433 0.428 Cause 
BR9 12.199 12.815 25.013 -0.616 Effect 
BR10 13.327 12.507 25.835 0.820 Cause 
BR11 12.781 13.379 26.160 -0.598 Effect 
BR12 12.033 12.224 24.257 -0.191 Effect 
BR13 13.306 12.799 26.105 0.508 Cause 
BR14 12.286 13.129 25.415 -0.842 Effect 
BR15 13.419 13.327 26.745 0.092 Cause 
 
 
Table 11. Barriers clustering and ranking 
 
Cause group Rank  Effect group Rank  
Lack of Management Vision (BR1) 1  Hesitation and Workforce Obsolescence (BR2) 2 
Privacy Concerns (BR3) 7 Dependence on Blockchain Operators (BR5) 3 
Financial Constraints (BR4) 5 Collaboration Challenges (BR6) 1 
Cultural Difference by Supply Chain Partners (BR7) 2 Difficulty in Changing Organization Culture (BR9) 6 
Regulatory Uncertainty (BR8) 4 Paybacks are Unclear (BR11) 4 
Lack of Acceptance In Industry (BR10) 8 Market Barriers & Uncertainty (BR12) 7 
Lack of Technological Maturity (BR13) 6 Involvement of External Stakeholders (BR14) 5 
Lack of Awareness about Benchmarking and Benefits (BR15) 3   
 
